[NAME OF THE DOCUMENT] 

SPECIFICATION 
[TITLE OF THE INVENTION] 

TUNABLE DISPERSION COMPENSATION DEVICE, OPTICAL RECEIVER, AND 
OPTICAL FIBER COMMUNICATION SYSTEM 
[SCOPE OF THE PATENT CLAIMS] 

[Claim 1] A variable dispersion compensation device comprising: 

an optical waveguide having a grating; 

a plurality of heaters arranged along an optical axis of said 
optical waveguide; and 

a pulsed-current supplying means for producing a desired 
temperature distribution in said grating by producing and supplying a 
plurality of pulsed currents to said plurality of heaters, respectively. 

[Claim 2] The variable dispersion compensation device according to 
any one of Claim 1 and Claim 2, said grating is a chirped grating. 

[Claim 3] The variable dispersion compensation device according to 
Claim 1, wherein said pulsed-current supplying means includes a pulse 
width control means for adjusting pulse widths of the plurality of 
pulsed currents supplied to said plurality of heaters, respectively, 
according to the desired temperature distribution to be produced in 
said grating. 

[Claim 4] The variable dispersion compensation device according to 
Claim 3, wherein said pulsed-current supplying means supplies the 
plurality of pulsed currents to said plurality of heaters at different 
times, respectively. 

[Claim 5] The variable dispersion compensation device according to 
Claim 3, wherein said pulsed-current supplying means divides the 
plurality of pulsed currents into a plurality of groups and supplies 
pulsed currents included in different groups to corresponding heaters 
at different times, respectively. 

[Claim 6] The variable dispersion compensation device according to 
any one of Claim 1 to Claim 5, wherein said pulsed-current supplying 
means includes a DC power supply, an EMI elimination filter for 
eliminating noise included in a DC output from said DC power supply, 
and a switching means for generating the plurality of pulsed currents 
from an output of said EMI elimination filter. 

[Claim 7] The variable dispersion compensation device according to 
Claim 3, wherein the pulse widths of the plurality of pulsed currents 
supplied to said plurality of heaters, respectively are increased or 
decreased in order that said plurality of heaters respectively 



associated with the plurality of pulsed currents are arranged along the 
optical axis of said waveguide. 

[Claim 8] The variable dispersion compensation device according to 
Claim 7, wherein the pulse widths of the plurality of pulsed currents 
are increased or decreased linearly. 

[Claim 9] The variable dispersion compensation device according to 
Claim 8, wherein said pulse width control means includes a pulse width 
determining means for determining the pulse widths of the plurality of 
pulsed currents based on an initial value and a pulse width increment. 

[Claim 10] The variable dispersion compensation device according 
to Claim 9, wherein said pulse width control means includes a 
correction means for correcting the pulse widths of the plurality of 
pulsed currents determined by said pulse width determining means using 
a plurality of correction coefficients that are predetermined for said 
plurality of heaters , respectively. 

[Claim 11] The variable dispersion compensation device according 
to Claim 7 , wherein the pulse widths of the plurality of pulsed 
currents supplied to said plurality of heaters, respectively, are 
increased or decreased nonlinearly. 

[Claim 12] The variable dispersion compensation device according 
to Claim 11, wherein said pulse width control means includes a pulse 
width determining means for determining the pulse widths of the 
plurality of pulsed currents based on an initial value, a pulse width 
increment, and a plurality of correction coefficients that are 
predetermined for said plurality of heaters, respectively. 

[Claim 13] An optical receiver comprising: 

a dispersion detector for detecting chromatic dispersion of an 
optical signal incident thereon, and for generating a control signal 
having a value corresponding to the detected chromatic dispersion; 

a variable dispersion compensation device including an optical 
waveguide having a grating, a plurality of heaters arranged along an 
optical axis of said optical waveguide, and a pulsed-current supplying 
means for producing a desired temperature distribution in said grating 
by supplying a plurality of pulsed currents to said plurality of 
heaters, respectively, according to the control signal from said 
dispersion detector; and 

an optical circulator for guiding the optical signal with chromatic 
dispersion to be compensated for to said dispersion compensation device, 
and for guiding the optical signal compensated by said dispersion 
compensation device to said dispersion detector. 



[Claim 14] The optical receiver according to Claim 13, wherein 
said pulsed-current supplying means of said variable dispersion 
compensation device includes a pulse width control means for adjusting 
pulse widths of the plurality of pulsed currents supplied to said 
plurality of heaters, respectively, according to the desired 
temperature distribution to be produced in said grating. 

[Claim 15] The optical receiver according to Claim 14, wherein 
said pulsed-current supplying means of said variable dispersion 
compensation device supplies the plurality of pulsed currents to said 
plurality of heaters at different times, respectively. 

[Claim 16] An optical fiber communication system including an 
optical transmitter for multiplexing a plurality of optical signals 
having different wavelengths, an optical fiber transmission line via 
which the plurality of optical signals multiplexed by said optical 
transmitter are transmitted, an optical receiver for demultiplexing the 
plurality of optical signals multiplexed and received via said optical 
fiber transmission line and for demodulating information that the 
plurality of optical signals carry, and a variable dispersion 
compensation means for compensating for chromatic dispersion of each of 
the plurality of said optical signals transmitted via said optical 
fiber transmission line, said optical variable dispersion compensation 
means comprising: 

at least one variable dispersion compensation device including an 
optical waveguide having a grating, a plurality of heaters arranged 
along an optical axis of said optical waveguide, and a pulsed-current 
supplying means for producing a desired temperature distribution in 
said grating by supplying a plurality of pulsed currents to said 
plurality of heaters, respectively. 

[Claim 17] The optical fiber communication system according to 
Claim 16, further comprising a static dispersion compensation means 
coupled to said optical fiber transmission line, for compensating for a 
different, fixed amount of chromatic dispersion of each of the 
plurality of optical signals transmitted via said optical fiber 
transmission line . 

[Claim 18] The optical fiber communication system according to any 
one of Claim 16 and Claim 17, wherein said optical variable dispersion 
compensation means includes a plurality of optical receiving means 
disposed in said optical receiver, each for compensating for chromatic 
dispersion of a corresponding one of the plurality of optical signals 
demultiplexed, and each of said plurality of optical receiving means 



comprises : 

a dispersion detector for detecting chromatic dispersion of a 
corresponding one of the plurality of optical signals, and for 
generating a control signal having a value corresponding to the 
detected chromatic dispersion; 

a variable dispersion compensation device including an optical 
waveguide having a grating, a plurality of heaters arranged along an 
optical axis of said optical waveguide, and a pulsed-current supplying 
means for producing a desired temperature distribution in said grating 
by supplying a plurality of pulsed currents to said plurality of 
heaters, respectively, according to the control signal from said 
dispersion detector; and 

an optical circulator for guiding the optical signal with chromatic 
dispersion to be compensated for to said variable dispersion 
compensation device, and for guiding the optical signal compensated by 
said variable dispersion compensation device to said dispersion 
detector. 

[Claim 19] The optical fiber communication system according to any 
one of Claim 16 to Claim 18, wherein said pulsed-current supplying 
means of said variable dispersion compensation device has a pulse width 
control means for adjusting pulse widths of the plurality of pulsed 
currents supplied to said plurality of heaters, respectively, according 
to the desired temperature distribution to be produced in said grating. 

[Claim 20] The optical fiber communication system according to 
Claim 19, wherein said pulsed-current supplying means supplies the 
plurality of pulsed currents to said plurality of heaters at different 
times, respectively. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[Technical Field of the Invention] 

The present invention relates to a variable dispersion compensation 
device for dynamically compensating for chromatic dispersion in an 
optical fiber which is a transmission path for use in an optical fiber 
communication system, an optical receiver including such a variable 
dispersion compensation device, and an optical fiber communication 
system including such a variable dispersion compensation device. 

[Prior Art] 

In recent years, as it has become desirable to utilize many 
channels (i.e., many optical signals) over a wider range of wavelengths 
to carry a lot of information via an optical fiber which is a 
transmission path in an optical fiber communication system, such as a 
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wavelength division multiplexing (WDM) system, chromatic dispersion 
(group delay dispersion) in the optical fiber has required more precise 
compensation. Chromatic dispersion in an optical fiber causes spectral 
components of different wavelengths included in an optical signal to 
propagate through the optical fiber at different speeds, thereby 
inducing pulse broadening in the optical signal. For example, a single 
mode fiber used for optical fiber communication systems provides 
abnormal dispersion (negative group velocity dispersion) for an optical 
signal of a wavelength of 1550 run, the chromatic dispersion having a 
positive sign and being typically equal to about 17 ps/nm/km. In other 
words, spectral components of shorter wavelengths included in an 
optical signal propagate through the single mode fiber faster than 
other spectral components of longer wavelengths, and the pulse width of 
an optical signal having a spectral width of lnm increases only by 
about 17 ps every time the optical signal propagates through a 1km 
length of the single mode fiber, for example. Two adjacent pulses in 
an optical pulse train that propagates through an optical fiber can 
thus overlap with each other at a high data rate. Such pulse 
overlapping can cause errors in data transmission. 

In order to compensate for such chromatic dispersion in an optical 
fiber which is a transmission path, a dispersion compensation fiber and 
an optical waveguide, such as an optical fiber, including a chirped 
grating, which provide group velocity dispersion of a sign opposite to 
the dispersion in the optical fiber have been developed. On the other 
hand, there is a problem that chromatic dispersion in an optical fiber 
may vary with time because of a change in the temperature of the 
optical fiber, a change in the connection of the optical fiber, a 
change in the stress placed on the optical fiber due to external forces, 
and so on. Since those prior art dispersion compensation devices can 
only compensate for a fixed amount of chromatic dispersion, they cannot 
deal with such a problem. Particularly, in optical fiber communication 
systems that operate at 40 Gbit/s or higher, since a slight transition 
in the status of a transmission path changes the chromatic dispersion, 
it is forecast that a dynamic dispersion compensation is needed. 

Fig. 12 is a diagram showing the structure of a prior art variable 
dispersion compensation device as disclosed in Japanese patent 
application publications No. 10-221658, No. 2000-235170, and No. 2000- 
252920, to solve the above-mentioned problem. In the figure, reference 
numeral 2 denotes an optical waveguide in which a chirped grating 
having a grating pitch (i.e., grating period) that continuously changes 



along its optical axis is formed, reference numerals 3-1 to 3-n denote 
a plurality of heaters for producing a desired temperature distribution 
in the optical waveguide 2, respectively , and reference numerals 8-1 to 
8-n denote a plurality of electrodes via each of which an electric 
current flows into a corresponding heater , respectively. 
Next, an operation will be described. 

Since the nearer to an input /output end of the optical waveguide 2 
the longer grating pitch and hence the longer Bragg reflection 
wavelength the grating has, spectral components having longer 
wavelengths in an optical signal are reflected back at locations nearer 
to the input/output end of the optical waveguide 2 and are output via 
the input /output end. In other words, spectral components of shorter 
wavelengths in an optical signal reach locations within the optical 
waveguide 2, which are further from the input /output end of the optical 
waveguide 2, and are reflected back at the locations corresponding to 
the Bragg reflection wavelengths decided by the grating pitches. 
Therefore, different spectral components in an optical signal are 
reflected back at different locations in the optical waveguide 2 and 
thus have different delays. As a result, when an optical signal with a 
broadened pulse width in which spectral components of shorter 
wavelengths exist at more forward parts thereof is incident on the 
optical waveguide 2, the pulse width of the optical signal is 
compressed and is emitted out of the optical waveguide 2. 

The optical waveguide 2 is made of a material, such as silica glass, 
whose refractive index changes according to its temperature. Therefore, 
a desired temperature distribution can be produced along the length of 
the optical waveguide 2 by adjusting the electric power applied to each 
of the plurality of heaters 3-1 to 3-n by way of a corresponding one of 
the plurality of electrodes 8-1 to 8-n. When the optical waveguide 2 
is heated by the plurality of heaters 3-1 to 3-n so as to have a 
desired temperature distribution, the grating pitch and refractive 
index of each segment of the chirped grating formed in the optical 
waveguide 2 which is heated by a corresponding one of the plurality of 
heaters change. As a result, the Bragg reflection wavelength of each 
segment of the chirped grating changes, and the chromatic dispersion 
provided for an input optical signal by the optical waveguide 2 
therefore changes . 

Neither of the above-mentioned Japanese patent application 
publications discloses a concrete method of adjusting the electric 
power supplied to each of the plurality of heaters 3-1 to 3-n for the 
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purpose of dynamic dispersion compensation. For example , a method of 
adjusting the electric power to be applied to each of the plurality of 
heaters by changing the resistance value of a resistor connected in 
series to a corresponding one of the plurality of heaters can be 
devised. In this case, a variable resistor is connected to each of the 
plurality of heaters, and the resistance value of the variable resistor 
is changed and the electric power supplied to each of the plurality of 
heaters is therefore adjusted according to a desired temperature 
distribution to be produced in the chirped grating. 

Fig. 13 is a diagram showing the structure of a prior art variable 
dispersion compensation device that can dynamically compensate for 
chromatic dispersion, as disclosed in Japanese patent application 
publication No. 2000-137198, and Fig. 14 is a diagram schematically 
showing the structure of an optical fiber communication system 
including the variable dispersion compensation device 91 shown in Fig. 
13, as disclosed in Japanese patent application publication No. 2000- 
244394. In Fig. 13, reference numeral 9 denotes a resistive thin film 
whose thickness changes linearly along the length of an optical 
waveguide 2, reference numerals 27a and 27b denote electrodes via which 
an electric current is supplied to the resistive thin film 9, and 
reference numeral 28 denotes a direct-current power supply for 
supplying the electric current to the resistive thin film 9 by way of 
the electrodes 27a and 27b. Furthermore, in Fig. 14, reference numeral 
40 denotes an optical transmitter for multiplexing and transmitting a 
plurality of optical signals of different wavelengths each of which 
carries information, reference numeral 50 denotes an optical fiber 
transmission line via which the plurality of multiplexed optical 
signals are transmitted, reference numeral 90 denotes a dispersion 
compensation module provided with the variable dispersion compensation 
device 91 shown in Fig. 13, on optical circulator 92 for guiding an 
optical signal which has propagated through the optical fiber 
transmission line 50 to the variable dispersion compensation device 91, 
and a data integrity monitor 93 for monitoring the integrity of data 
transmitted on the system and for feeding the monitored data integrity 
back to the variable dispersion compensation device 91, and reference 
numeral 100 denotes an optical receiver for receiving the multiplexed 
optical signals dispersion-compensated by the dispersion compensation 
module 90, and for demultiplexing the multiplexed optical signals into 
the plurality of optical signals so as to demodulate information which 
each of the plurality of optical signals carries. 
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Next, an operation will be described. 

The direct-current power supply 28 supplies an electric current to 
the resistive thin film 9 by way of the electrodes 27a and 27b. As a 
result, local resistive heating is generated along the length of the 
optical waveguide 2 so that it is proportional to the local resistance 
of the resistive thin film 9. This local heating generates a 
temperature gradient along the length of the grating formed in the 
optical waveguide 2 to cause the grating to produce a' chirp. As 
previously mentioned, the resistive thin film 9 is so constructed that 
its resistance varies linearly along the length of the optical 
waveguide 2, and the grating can achieve a linear chirp. 

The optical transmitter 40 multiplexes a plurality of optical 
signals of different wavelengths, each of which carries inf ormation, 
and then sends them out to the optical fiber transmission line 50. As 
previously mentioned, the optical fiber transmission line 50 can 
provide abnormal dispersion (negative group velocity dispersion) for an 
optical signal of a wavelength of 1550 run, the chromatic dispersion 
being typically equal to about 17 ps/nm/km. In other words, spectral 
components of shorter wavelengths included in an optical signal 
propagate through the optical fiber transmission line 50 faster than 
other spectral components of longer wavelengths, and if the optical 
fiber transmission line 50 has a length of 50 km the accumulated 
chromatic dispersion can be about 850 ps/nm. The dispersion 
compensation module 90, which contains the variable dispersion 
compensation device 91 shown in Fig. 14, can continuously adjust the 
chromatic dispersion within a range of -300 ps/nm to -1350 ps/nm. The 
multiplexed optical signals dispersion-compensated by the dispersion 
compensation module 90 are further transmitted to the optical receiver 
100. The optical receiver 100 demultiplexes the received, multiplexed 
optical signals into the plurality of optical signals so as to 
demodulate information which each of the plurality of optical signals 
carries . 

[Problem to be solved by the Invention] 

A problem with a prior art variable dispersion compensation device 
constructed as above is that since electric power is consumed in a 
resistor, which is connected in series to each of a plurality of 
heaters which heat a chirped grating, for adjusting the electric power 
supplied to each of the plurality of heaters, the electric power 
consumption in the entire system increases. 

Although the other prior art variable dispersion compensation 
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devices as disclosed in Japanese patent application publication No. 10- 
221658 and so on do not implement a concrete method of producing a 
desired temperature distribution by adjusting the electric power to be 
applied to each of the plurality of heaters 3-1 to 3-n, how to actually 
control the temperature distribution of the chirped grating according 
to the chromatic dispersion in the optical fiber which can vary with 
time, and how to carry out the control with efficiency are important 
issues . 

In addition, although the other prior art variable dispersion 
compensation device as disclosed in Japanese patent application 
publication No. 2000-137198 produces a desired temperature gradient in 
the optical waveguide 2 by adjusting an electric current that flows 
through the resistive thin film 9, a problem with the prior art 
variable dispersion compensation device is that when a change in the 
chromatic dispersion to be compensated for results from a change in the 
status of the optical fiber transmission line 50, it is difficult to 
change the temperature gradient while maintaining the center of a range 
of wavelengths over which the optical waveguide 2 can perform 
dispersion compensation. Another problem with the prior art variable 
dispersion compensation device that employs the resistive thin film 9 
is that it only generates a fixed temperature gradient for a constant 
voltage applied to the resistive thin film, and it is therefore 
difficult to produce a desired temperature gradient due to heat 
conduction and so on and it is difficult to deal with variations in the 
grating pitches which occur when the chirped grating is written into 
the optical waveguide 2. In addition, when the prior art optical fiber 
communication system that performs dispersion compensation by using the 
dispersion compensation module 90 which contains such a prior art 
variable dispersion compensation device utilizes many channels over a 
wider range of optical wavelengths to transmit larger amounts of 
information, the wavelength dependency of the chromatic dispersion of 
the optical fiber transmission line 50 comes to the surface. When a 
group delay provided for a spectral component in an optical signal 
varies with its wavelength, it is necessary to produce a nonlinear 
temperature gradient in the optical waveguide 2. A problem with the 
prior art variable dispersion compensation device disclosed in Japanese 
patent application publication No. 2000-137198 is, however, that it is 
difficult to produce a nonlinear temperature gradient with a high 
degree of accuracy, and it is difficult to achieve dynamic dispersion 
compensation over a wide range of wavelengths. 
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Furthermore, another problem with the prior art optical fiber 
communication system constructed as above is that since each of the 
plurality of optical signals demultiplexed has residual chromatic 
dispersion which remains to be compensated for and chromatic dispersion 
due to nonlinear effects of the optical receiver, and the chromatic 
dispersion varies with time, it is difficult to ensure complete 
restoration of all the plurality of optical signals received at the 
optical receiver and at times. 

The present invention is proposed to solve the above-mentioned 
problems, and it is therefore an object of the present invention to 
provide a variable dispersion compensation device that can dynamically 
compensate for chromatic dispersion in an optical fiber transmission 
line by producing a temperature distribution (i . e . , temperature 
gradient) in a chirped grating with efficiency and changing the 
temperature distribution according to the chromatic dispersion which 
varies with time, and an optical receiver provided with the variable 
dispersion compensation device. 

Further, it is a further object of the present invention to provide 
an optical fiber communication system that can efficiently, precisely, 
and dynamically compensate for chromatic dispersion in the system 
including an optical fiber transmission line whose chromatic dispersion 
varies with time and an optical receiver. 

[Means for solving the Problem] 

According to the present invention, there is provided a variable 
dispersion compensation device comprising: an optical waveguide having 
a grating; a plurality of heaters arranged along an optical axis of the 
optical waveguide; and a pulsed-current supplying means for producing a 
desired temperature distribution in the grating by producing and 
supplying a plurality of pulsed currents to the plurality of heaters, 
respectively. 

According to a variable dispersion compensation device in the 
present invention, the grating is a chirped grating. 

According to a variable dispersion compensation device in the 
present invention, the pulsed-current supplying means includes a pulse 
width control means for adjusting pulse widths of the plurality of 
pulsed currents supplied to the plurality of heaters, respectively, 
according to the desired temperature distribution to be produced in the 
grating. 

According to a variable dispersion compensation device in the 
present invention, the pulsed-current supplying means supplies the 
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plurality of pulsed currents to the plurality of heaters at different 
times, respectively. 

According to a variable dispersion compensation device in the 
present invention, the pulsed-current supplying means divides the 
plurality of pulsed currents into a plurality of groups and supplies 
pulsed currents included in different groups to corresponding heaters 
at different times, respectively. 

According to a variable dispersion compensation device in the 
present invention, the pulsed-current supplying means includes a DC 
power supply, an EMI elimination filter for eliminating noise included 
in a DC output from the DC power supply, and a switching means for 
generating the plurality of pulsed currents from an output of the EMI 
elimination filter. 

According to a variable dispersion compensation device in the 
present invention, the pulse widths of the plurality of pulsed currents 
supplied to the plurality of heaters, respectively are increased or 
decreased in order that the plurality of heaters respectively 
associated with the plurality of pulsed currents are arranged along the 
optical axis of the waveguide. 

According to a variable dispersion compensation device in the 
present invention, the pulse widths of the plurality of pulsed currents 
are increased or decreased linearly. 

According to a variable dispersion compensation device in the 
present invention, the pulse width control means includes a pulse width 
determining means for determining the pulse widths of the plurality of 
pulsed currents based on an initial value and a pulse width increment. 

According to a variable dispersion compensation device in the 
present invention, the pulse width control means includes a correction 
means for correcting the pulse widths of the plurality of pulsed 
currents determined by the pulse width determining means using a 
plurality of correction coefficients that are predetermined for the 
plurality of heaters, respectively. 

According to a variable dispersion compensation device in the 
present invention, the pulse widths of the plurality of pulsed currents 
supplied to the plurality of heaters, respectively, are increased or 
decreased nonlinear ly. 

According to a variable dispersion compensation device in the 
present invention, the pulse width control means includes a pulse width 
determining means for determining the pulse widths of the plurality of 
pulsed currents based on an initial value, a pulse width increment, and 
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a plurality of correction coefficients that are predetermined for the 
plurality of heaters, respectively. 

According to the present invention, there is provided an optical 
receiver comprising: a dispersion detector for detecting chromatic 
dispersion of an optical signal incident thereon, and for generating a 
control signal having a value corresponding to the detected chromatic 
dispersion; a variable dispersion compensation device including an 
optical waveguide having a grating, a plurality of heaters arranged 
along an optical axis of the optical waveguide, and a pulsed-current 
supplying means for producing a desired temperature distribution in the 
grating by supplying a plurality of pulsed currents to the plurality of 
heaters, respectively, according to the control signal from the 
dispersion detector; and an optical circulator for guiding the optical 
signal with chromatic dispersion to be compensated for to the 
dispersion compensation device, and for guiding the optical signal 
compensated by the dispersion compensation device to the dispersion 
detector . 

According to an optical receiver in the present invention, the 
pulsed-current supplying means of the variable dispersion compensation 
device includes a pulse width control means for adjusting pulse widths 
of the plurality of pulsed currents supplied to the plurality of 
heaters, respectively, according to the desired temperature 
distribution to be produced in the grating. 

According to an optical receiver in the present invention, the 
pulsed-current supplying means of the variable dispersion compensation 
device supplies the plurality of pulsed currents to the plurality of 
heaters at different times, respectively. 

According to the present invention, there is provided an optical 
fiber communication system including an optical transmitter for 
multiplexing a plurality of optical signals having different 
wavelengths, an optical fiber transmission line via which the plurality 
of optical signals multiplexed by the optical transmitter are 
transmitted, an optical receiver for demultiplexing the plurality of 
optical signals multiplexed and received via the optical fiber 
transmission line and for demodulating information that the plurality 
of optical signals carry, and a variable dispersion compensation means 
for compensating for chromatic dispersion of each of the plurality of 
the optical signals transmitted via the optical fiber transmission line, 
the optical variable dispersion compensation means comprising: 

at least a variable dispersion compensation device including an 
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optical waveguide having a grating, a plurality of heaters arranged 
along an optical axis of the optical waveguide, and a pulsed-current 
supplying means for producing a desired temperature distribution in the 
grating by supplying a plurality of pulsed currents to the plurality of 
heaters, respectively. 

An optical fiber communication system in the present invention 
comprises a static dispersion compensation means coupled to the optical 
fiber transmission line, for compensating for a different, fixed amount 
of chromatic dispersion of each of the plurality of optical signals 
transmitted via the optical fiber transmission line. 

According to an optical fiber communication system in the present 
invention, the optical variable dispersion compensation means includes 
a plurality of optical receiving means disposed in the optical receiver, 
each for compensating for chromatic dispersion of a corresponding one 
of the plurality of optical signals demultiplexed, and each of the 
plurality of optical receiving means comprises: a dispersion detector 
for detecting chromatic dispersion of a corresponding one of the 
plurality of optical signals, and for generating a control signal 
having a value corresponding to the detected chromatic dispersion; a 
variable dispersion compensation device including an optical waveguide 
having a grating, a plurality of heaters arranged along an optical axis 
of the optical waveguide, and a pulsed-current supplying means for 
producing a desired temperature distribution in the grating by 
supplying a plurality of pulsed currents to the plurality of heaters, 
respectively, according to the control signal from the dispersion 
detector; and an optical circulator for guiding the optical signal with 
chromatic dispersion to be compensated for to the variable dispersion 
compensation device, and for guiding the optical signal compensated by 
the variable dispersion compensation device to the dispersion detector. 

According to an optical fiber communication system in the present 
invention, the pulsed-current supplying means of the variable 
dispersion compensation device has a pulse width control means for 
adjusting pulse widths of the plurality of pulsed currents supplied to 
the plurality of heaters, respectively, according to the desired 
temperature distribution to be produced in the grating. 

According to an optical fiber communication system in the present 
invention, the pulsed-current supplying means supplies the plurality of 
pulsed currents to the plurality of heaters at different times, 
respectively. 

[Embodiments of the Invention] 
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An embodiment of the present invention will be described 
Embodiment 1 . 

Fig. 1 is a block diagram showing the structure of a variable 
dispersion compensation device according to a first embodiment of the 
present invention, and an optical receiver provided with the variable 
dispersion compensation device. In the figure, reference numeral 1 
denotes the variable dispersion compensation device, reference numeral 
2 denotes an optical waveguide, such as an optical fiber, in which a 
chirped grating with a grating pitch that changes continuously along 
its optical axis is formed, reference numerals 3-1 to 3-n denote a 
plurality of heaters, respectively, reference numeral 4 denotes a 
common ground terminal connected in common to the plurality of heaters 
3-1 to 3-n, and reference numeral 10 denotes a pulsed-current supply 
circuit (pulsed-current supplying means) for supplying a plurality of 
pulsed currents to the plurality of heaters 3-1 to 3-n, respectively, 
so as to produce a desired temperature distribution (i.e., temperature 
gradient) along the length of the optical waveguide 2, i.e., in the 
direction of the optical axis of the optical waveguide 2 . 

Fig. 2 is a perspective view showing the optical waveguide 2 and 
the plurality of heaters 3-1 to 3-n. Each of the plurality of heaters 
3-1 to 3-n consists of a metallic thin film made of nickel, tungsten, 
or the like. By depositing a metal such as nickel or tungsten on a 
substrate 7 made of an insulating material on which the optical 
waveguide 2 is placed, the plurality of heaters 3-1 to 3-n are formed. 
As shown in Fig. 2, the optical waveguide 2 is installed on the 
substrate 7 so that the plurality of heaters 3-1 to 3-n are arranged 
along the optical axis of the optical waveguide 2 in which a chirped 
grating is formed. 

The pulsed-current supply circuit 10 generates a plurality of 
current pulses having different pulse widths based on a reference 
signal having a predetermined repetition rate, and then supplies the 
plurality of current pulses to the plurality of heaters 3-1 to 3-n, 
respectively, as described later. To this end, as shown in Fig. 2, a 
plurality of electrodes 8-1 to 8-n are disposed to connect the pulsed- 
current supply circuit 10 as shown in Fig. 1 to ends of the plurality 
of heaters 3-1 to 3-n, the number of those electrodes being equal to 
the number of the plurality of heaters. On the other hand, as 
previously mentioned, the other ends of the plurality of heaters 3-1 to 
3-n are connected to the common ground terminal 4 . 

Furthermore, in Fig. 1, reference numeral 5 denotes a dispersion 
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detector for detecting a physical value corresponding to the chromatic 
dispersion of an optical signal incident thereon, for sending out a 
control signal having a value which corresponds to the detected 
physical value to the pulsed-current supply circuit 10, and for 
delivering the optical signal incident thereon to a demodulation unit 
(not shown in the figure) for demodulating information which the 
optical signal carries, or the like, and reference numeral 6 denotes an 
optical circulator for guiding the optical signal which has propagated 
through an optical fiber transmission line (not shown in the figure) to 
the optical waveguide 2, and for guiding the optical signal emitted out 
of the optical waveguide 2 to the dispersion detector 5. 

The variable dispersion compensation device 1 according to the 
first embodiment of the present invention is provided with the optical 
waveguide 2, the plurality of heaters 3-1 to 3-n, the common ground 
terminal 4, and the pulsed-current supply circuit 10, and the optical 
receiver according to the first embodiment of the present invention is 
provided with the variable dispersion compensation device 1, the 
dispersion detector 5, and the optical circulator 6. 

Fig. 3 is a block diagram showing the structure of the pulsed- 
current supply circuit 10 of the variable dispersion compensation 
device 1 according to the first embodiment of the present invention. 
In the figure, reference numeral 11 denotes a direct-current power 
supply for supplying a direct current to the plurality of heaters 3-1 
to 3-n, reference numeral 12 denotes an EMI elimination filter for 
eliminating switching noise included in the direct current from the 
direct-current power supply 11, and reference numeral 13 denotes a 
pulsed current generation unit (switching means) for generating a 
plurality of pulsed currents according to a plurality of control pulses 
applied thereto, and for supplying them to the plurality of heaters 3-1 
to 3-n, respectively. The pulsed current generation unit 13 is 
provided with a plurality of switches 14-1 to 14-n respectively 
connected in series to the plurality of heater 3-1 to 3-n, which are 
connected in parallel with each other between the common ground 
terminal 4 and the EMI elimination filter 12. Each switch 14-i (i=l to 
n) has a control terminal 15-i to receive a control pulse and is turned 
on only while it is receiving the control pulse. Therefore, each 
switch 14-i (i=l to n) generates a pulsed current having a pulse width 
equal to that of the control pulse applied thereto and supplies the 
pulsed current to a corresponding heater 3-i. Concretely, each switch 
14-i (i=l to n) can be a switching device such as a transistor. 
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In Fig- 3, reference numeral 16 denotes a control pulse generation 
unit (pulse width control means) for generating a plurality of control 
pulses to be supplied to the pulsed current generation unit 13 to 
adjust the pulse widths of a plurality of pulsed currents to be 
generated by the pulsed current generation unit 13, reference numeral 
17 denotes an initial value storage unit for storing an initial value 
PWo to determine the pulse width of one pulsed current having the 
smalles^ pulse width, reference numeral 18 denotes a pulse width 
increment storage unit for storing a pulse width increment APW to 
determine the pulse widths of the plurality of pulsed currents in 
cooperation with the initial value PW 0 , reference numeral 19 denotes a 
correction coefficient storage unit for storing a plurality of 
correction coefficients Ci to C n to correct the pulse widths of the 
plurality of pulsed currents, which are determined based on the initial 
value PW 0 and the pulse width increment APW, respectively, and 
reference numeral 20 denotes a control unit, such as a microprocessor, 
for controlling the control pulse generation unit 16 according to a 
control signal applied thereto from the dispersion detector 5 of Fig. 1. 
The control unit 20 can determine the initial value PW 0 , the pulse 
width increment APW, and the plurality of correction coefficients Ci to 
C n according to the control signal from the dispersion detector 5, and 
can write the initial value PW 0 , the pulse width increment APW, and the 
plurality of correction coefficients Ci to C n into the initial value 
storage unit 17, the pulse width increment storage unit 18, and the 
correction coefficient storage unit 19, respectively. 

Furthermore, reference numeral 21-2 denotes an adder for adding the 
initial value PW 0 stored in the initial value storage unit 17 to the 
pulse width increment APW stored in the pulse width increment storage 
unit 18, and reference numeral 21-i (i=3 to n) denotes an adder for 
adding an addition result from another adder 21-(i-l) to the pulse 
width increment APW stored in the pulse width increment storage unit 
18. The adder 21-i (i=2 to n) therefore outputs (PW 0 + APW* (i-1) ) as an 
addition result. In addition, reference numeral 22-1 denotes a 
multiplier for multiplying the initial value PW 0 stored in the initial 
value storage unit 17 by the correction coefficient Ci stored in the 
correction coefficient storage unit 19, reference numeral 22-i (i=2 to 
n) denotes a multiplier for multiplying the addition result of the 
adder 21-i by the correction coefficient Ci stored in the correction 
coefficient storage unit 19, reference numeral 23 denotes a reference 
signal generator for generating a reference signal having a 
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predetermined repetition rate, and reference numeral 24-i (i=l to n) 
denotes a pulse generator for generating a control pulse having a pulse 
width corresponding to a multiplication result of the multiplier 22-i 
based on the reference signal applied thereto from the reference signal 
generator 23. A pulse width determining means is implemented by the 
initial value storage unit 17, the pulse width increment storage unit 
18, the correction coefficient storage unit 19, the control unit 20, 
the plurality of adders 21-2 to 21-n, and the plurality of multipliers 
22-1 to 22-n. A correction means is implemented by the correction 
coefficient storage unit 19, the control unit 20, and the plurality of 
multipliers 22-1 to 22-n. 

Next, an operation will be described. 

In an optical fiber communication system, as an optical signal 
propagates through an optical fiber, the pulse width of the optical 
signal is broadened due to the chromatic dispersion of the optical 
fiber, as already mentioned. For example, a normal optical fiber used 
for optical fiber communication systems provides abnormal dispersion 
(negative group velocity dispersion) for an optical signal of a 
wavelength of 1550 nm, the chromatic dispersion having a positive sign 
and being typically equal to about 17 ps/nm/km. If the optical fiber 
has a length of 100 km, the accumulated chromatic dispersion becomes 
about 1700 ps/nm. Therefore, in the case of use of the variable 
dispersion compensation device 1, it is necessary to determine such 
accumulated chromatic dispersion, which should be compensated for, in 
advance. To this end, a physical value corresponding to the chromatic 
dispersion of an optical signal emitted out of the variable dispersion 
compensation device 1 is measured by using the dispersion detector 5 
shown in Fig. 1. Based on the determined physical value, a temperature 
distribution that has to be produced in the optical waveguide 2, i.e., 
the initial value PW 0 , the pulse width increment APW, and the plurality 
of correction coefficients Ci to C n are determined in advance. 
Concretely, the initial value PW 0 , the pulse width increment APW, and 
the plurality of correction coefficients Ci to C n are determined in 
advance so that the physical value corresponding to the chromatic 
dispersion, which is detected by using the dispersion detector 5, has a 
predetermined value (for example, a minimum value) . 

The temperature distribution which should be produced in the 
optical waveguide 2 only has to be linear when it can be considered 
that the chromatic dispersion to be compensated for does not depend on 
variations in the wavelengths of different spectral components in an 
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optical signal incident on the optical waveguide (in other words, an 
optical signal having a narrow band of wavelengths , in which it can be 
assumed that different spectral components in the optical signal have 
different group delays and the sequence of group delays changes 
linearly with respect . to light wavelength, is incident on the variable 
dispersion compensation device 1) . Therefore, in this case, the width 
of a control pulse which determines the pulse width of each of the 
plurality of pulsed currents is determined by the initial value PW 0 and 
the pulse width increment APW, and 1 is set to each multiplier 22-i as 
the correction coefficient C±. Fig. 4 is a timing chart showing the 
waveforms of a plurality of pulsed currents generated by the pulsed- 
current supply circuit 10 when the correction coefficient C± set to 
each multiplier 22-i of the pulsed-current supply circuit 10 is 1. As 
shown in Fig. 4, typically, the pulsed-current supply circuit 10 of the 
variable dispersion compensation device 1 according to the first 
embodiment simultaneously generates a plurality of pulsed currents to 
be supplied to the plurality of heaters 3-1, 3-2, and 3-n, 

respectively, the plurality of pulsed currents having an identical 
repetition rate and different pulse widths, and the sequence of pulse 
widths increasing linearly in order that the plurality of heaters 3-1, 
3-2, and 3-n respectively associated with the plurality of pulsed 

currents are arranged along the optical axis of the optical waveguide 2 . 
In this case, the rising edges of a plurality of control pulses which 
trigger the plurality of pulsed currents are all triggered by the 
rising edge of the reference signal generated by the reference signal 
generation unit 23 of the control pulse generation unit 16. 

When the plurality of pulsed currents as shown in Fig. 4 are 
applied to the plurality of heaters 3-1 to 3-n, respectively, a 
distribution of temperature which increases linearly along the optical 
axis of the optical waveguide 2 with distance from an input/output end 
of the optical waveguide 2 is produced in the optical waveguide 2. In 
this case, the variable dispersion compensation device 1 provides 
negative chromatic dispersion (group delay dispersion) for an optical 
signal incident thereon. In other words, the shorter wavelength a 
spectral component in the optical signal has, the larger delay the 
component has when emitted out of the input/output end of the variable 
dispersion compensation device 1. As an alternative, the pulsed- 
current supply circuit 10 can simultaneously generate a plurality of 
pulsed currents to be supplied to the plurality of heaters 3-1, 3- 
2, and 3-n, respectively, the plurality of pulsed currents having 
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an identical repetition rate and different pulse widths, and the 
sequence of pulse widths decreasing linearly in order that the 
plurality of heaters 3-1, 3-2, . .., and 3-n respectively associated 
with the plurality of pulsed currents are arranged along the optical 
axis of the optical waveguide 2. In this case, a distribution of 
temperature which decreases linearly along the optical axis of the 
optical waveguide 2 with distance from the input/output end of the 
optical waveguide 2 is produced in the optical waveguide 2. 

However, in general, even if a plurality of pulsed currents having 
different pulse widths, the sequence of pulse widths increasing 
linearly as shown in Fig. 4, are supplied to the plurality of heaters 
3-1 to 3-n, respectively, a desired linear temperature distribution 
cannot be produced because of heat conduction in the optical waveguide 
and so on. In this case, the correction coefficient Ci having a value 
other than 1 is set to each multiplier 22-i. To determine the 
correction coefficient Ci, a real temperature distribution produced in 
the optical waveguide 2 is measured. Based on the measured temperature 
distribution, the correction coefficient C± having a value other than 1 
can be set to every multiplier 22-i which corresponds to a pulsed 
current whose pulse width needs to be corrected. 

In addition, the temperature distribution which should be produced 
in the optical waveguide 2 has to be nonlinear when it can be 
considered that the chromatic dispersion to be compensated for depends 
on variations in the wavelengths of different spectral components in an 
optical signal incident on the optical waveguide (in other words, an 
optical signal having a broad band of wavelengths, in which it cannot 
be assumed that different spectral components in the optical signal 
have different group delays and the sequence of group delays changes 
linearly with respect to light wavelength, is incident on the variable 
dispersion compensation device 1) . The wavelength dependency of the 
chromatic dispersion can be figured by a straight line having a certain 
slope, and the slope for single mode fibers is typically 0.06 ps/(nm2 • 
km) . Therefore, every time an optical signal propagates through a 100 
km length of such an optical fiber, two spectral components which 
differ by 1 nm in wavelength differ by only 6 ps/nm in the accumulated 
chromatic dispersion. In such a case, it is preferable to set the 
correction coefficient Ci having a value other than 1 to each 
multiplier 22-i. Fig. 5 is a timing chart showing the waveforms of a 
plurality of pulsed currents generated by the pulsed-current supply 
circuit 10 when the correction coefficient Ci set to each multiplier 
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22-i of the pulsed-current supply circuit is anything other than 1. 

By the way, the chirped grating does not necessarily have a grating 
pitch which is formed as designed. The grating pitch deviates from a 
desired value due to errors which occur when the chirped grating is 
written into the optical waveguide 2. Therefore, it is necessary to 
change the temperature distribution which should be produced in the 
optical waveguide 2 from an ideal linear one even if it can be 
considered that the chromatic dispersion which should be compensated 
for does not depend on variations in the wavelengths of different 
spectral components in an optical signal incident on the optical 
waveguide 2. In this case, the correction coefficient Ci set to each 
multiplier 22-i is determined in advance so that a physical value 
corresponding to the chromatic dispersion, which is detected by using 
the dispersion detector 5, has a predetermined value (for example, a 
minimum value) . 

Next, dynamic dispersion compensation by the optical receiver 
according to the first embodiment of the present invention will be 
explained. It is forecast that in 40Gbit/s optical fiber communication 
systems there is a necessity to carry out dynamic dispersion 
compensation according to a little transition in the status of an 
optical fiber which is a transmission path. The optical receiver 
according to the first embodiment of the present invention can 
dynamically, easily compensate for chromatic dispersion in such a case. 
The dispersion detector 5 of Fig. 1 detects a physical value 
corresponding to the chromatic dispersion of an optical signal incident 
thereon at predetermined intervals, and then sends out a control signal 
having a value which corresponds to the detected physical value to the 
control pulse generation unit 16 of the pulsed-current supply circuit 
10. The control unit 20 of the control pulse generation unit 16 
determines whether to have to change the temperature distribution of 
the optical waveguide 2 according to the received control signal. When 
the control unit 20 determines that it is necessary to change the 
temperature distribution of the optical waveguide 2, the control unit 
20 changes the initial value PW 0 stored in the initial value storage 
unit 17, the pulse width increment APW stored in the pulse width 
increment storage unit 18, and the plurality of correction coefficients 
Ci to C n stored in the correction coefficient storage unit 19. How the 
control unit 20 changes the initial value PW 0 , the pulse width 
increment APW, and the plurality of correction coefficients Ci to C n 
can be determined by experiment in advance. 
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As a result, the pulse widths of a plurality of control pulses 
generated by the plurality of pulse generators 24-1 to 24-n change, and 
therefore the pulse widths of the plurality of pulsed currents supplied 
to the plurality of heaters 3-1 to 3-n change. Finally, the 
temperature distribution along the optical axis of the optical 
waveguide 2 is changed. Thus, the optical receiver can dynamically 
compensate for the chromatic dispersion of an optical signal incident 
thereon. Fig. 6 is a diagram showing an example of a change in the 
temperature distribution of the optical waveguide 2, which is performed 
according to a change in the chromatic dispersion which should be 
compensated for when it can be assumed that the chromatic dispersion 
does not depend on variations in the wavelengths of different spectral 
components in an optical signal incident on the optical waveguide, and 
the chromatic dispersion changes due to a change in the status of the 
optical fiber transmission line. The control unit 20 of the control 
pulse generation unit 16 changes the initial value PW 0 , the pulse width 
increment APW, and the plurality of correction coefficients Ci to C n so 
as to change the temperature distribution from A to B as shown in Fig. 
6 while maintaining the temperature at the midpoint of the optical 
waveguide 2 . The purpose of maintaining the temperature at the 
midpoint of the optical waveguide 2 when changing the temperature 
distribution is to constantly maintain the center of a range of 
wavelengths over which the variable dispersion compensation device 1 
can perform dispersion compensation. A method of controlling the 
temperature of the substrate 7 shown in Fig. 2 using a thermoelectric 
element or the like can be devised as a means to maintain the 
temperature at the midpoint of the optical waveguide 2. 

The variable dispersion compensation device 1 is so constructed as 
to provide positive chromatic dispersion for an optical signal incident 
thereon instead of negative chromatic dispersion when the chromatic 
dispersion (group delay dispersion) of the optical signal which should 
be compensated for is negative. In this case, the chirped grating is 
formed in the optical waveguide 2 of the variable dispersion 
compensation device 1 so that the nearer to the input/output end of the 
optical waveguide 2, the shorter grating pitch and hence the shorter 
Bragg reflection wavelength the grating has. Therefore, the shorter 
wavelength a spectral component of the input optical signal has, it is 
reflected back at a location nearer to the input/output end of the 
optical waveguide 2 and then returns to the input /output end within the 
optical waveguide 2, and it is then emitted out of the input /output end. 
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In other words, the longer wavelength a spectral component of the input 
optical signal has, the more distance from the input/output end of the 
optical waveguide 2 it reaches, and is then reflected back at a 
location where the Bragg reflection wavelength decided by the grating 
pitch is equal to the wavelength of the spectral component. As a 
result, the longer wavelength a spectral component in the optical 
signal has, the larger delay it has when emitted out of the variable 
dispersion compensation device 1. 

As mentioned above, in accordance with the first embodiment of the 
present invention, the variable dispersion compensation device 1 is 
provided with a plurality of heaters 3-1 to 3-n arranged along the 
optical axis of an optical waveguide 2, and a pulsed-current supplying 
circuit 10 for producing a desired temperature distribution in the 
optical waveguide 2 by generating and supplying a plurality of pulsed 
currents to the plurality of heaters 3-1 to 3-n, respectively, so as to 
cause the optical waveguide 2 in which a chirped grating is formed to 
dynamically compensate for the chromatic dispersion of an optical 
signal incident thereon, which can vary with time. Accordingly, the 
present embodiment offers an advantage of being able to perform 
dispersion compensation efficiently compared with the case of 
controlling the resistance of a resistor connected in series to each of 
the plurality of heaters. 

In addition, since the optical receiver provided with the variable 
dispersion compensation device 1 can quickly change the temperature 
distribution of the optical waveguide 2 by changing the pulse widths of 
a plurality of pulsed currents supplied to the plurality of heaters 3-1 
to 3-n, respectively, according to the chromatic dispersion detected by 
a dispersion detector 5, the optical receiver can achieve quick- 
response dynamic dispersion compensation. 
Embodiment 2 . 

Fig. 7 is a block diagram showing the structure of a pulsed-current 
supply circuit 10 of a variable dispersion compensation device 
according to a second embodiment of the present invention. In the 
figure, the same reference numerals as shown in Fig. 3 denote the same 
components as those of the pulsed-current supply circuit according to 
the above-mentioned first embodiment of the present invention or like 
components, and therefore the explanation of those components will be 
omitted hereafter. 

In accordance with the second embodiment of the present invention, 
the pulsed-current supply circuit 10 is so constructed as to generate 
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and supply a plurality of pulsed currents to a plurality of heaters 3-1 
to 3-n, respectively, so that they reach the plurality of heaters 3-1 
to 3-n at different times, respectively. The variable dispersion 
compensation device according to the second embodiment of the present 
invention and an optical receiver provided with the variable dispersion 
compensation device have the same structures as those according to the 
above-mentioned first embodiment of the present invention. 

As shown in Fig. 7, a reference signal generator 23 for generating 
a reference signal having a predetermined repetition rate is connected 
to a pulse generator 24-1 for generating a control pulse to determine 
the pulse width of a pulsed current to be supplied to the heater 3-1 
nearest to an input/output end of an optical waveguide 2. Therefore, 
the pulse generator 24-1 generates a control pulse in response to the 
rising edge of the reference signal applied thereto. A pulse generator 
24-i (i=l to n-1) is connected to another pulse generator 24-(i+l) 
adjacent thereto. Therefore, the pulse generator 24-i (i=2 to n) 
adjacent to another pulse generator 24-(i-l) generates a control pulse 
in response to the falling edge of every control pulse applied thereto. 

Next, an operation will be described. 

Since the variable dispersion compensation device and the optical 
receiver according to the second embodiment of the present invention 
operate basically in the same way that those according to the above- 
mentioned first embodiment of the present invention do, only a 
difference between the first and second embodiments will be explained 
hereafter. 

Fig. 8 is a timing chart showing the waveforms of a plurality of 
pulsed currents generated by the pulsed-current supply circuit 10 when 
a correction coefficient Qt set to each multiplier 22-i of the pulsed- 
current supply circuit is 1. As shown in Fig. 8, the pulsed-current 
supply circuit 10 of the variable dispersion compensation device 1 
according to the second embodiment of the present invention typically 
generates a plurality of pulsed currents to be supplied to the 
plurality of heaters 3-1, 3-2, and 3-n, respectively, at different 

times, the plurality of pulsed currents having an identical repetition 
rate and different pulse widths, and the sequence of pulse widths 
increasing linearly in order that the plurality of heaters 3-1, 3- 
2, and 3-n respectively associated with the plurality of pulsed 

currents are arranged along the optical axis of the optical waveguide 2. 
Therefore, the plurality of pulsed currents generated reach the 
plurality of heaters 3-1 to 3-n at different times, respectively. In 
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this case, the rising edge of every control pulse to determine the 
pulse width of every pulsed current to be supplied to the heater 3-1 
nearest to the input/output end of the optical waveguide 2 is triggered 
by the rising edge of the reference signal generated by the reference 
signal generation unit 23, as previously mentioned. The rising edge of 
every control pulse to determine the pulse width of every pulsed 
current to be supplied to the heater 3-i (i=2 to n) is triggered by the 
falling edge of every control pulse to determine the pulse width of 
every pulsed current to be supplied to the heater 3-(i-l) . 

It is needless to say that in accordance with the second embodiment 
of the present invention the correction coefficient d can be anything 
other than 1, for the purpose of correcting a deviation from a desired 
linear temperature distribution in the optical waveguide, producing a 
nonlinear temperature distribution in the optical waveguide, or 
correcting a deviation from a desired temperature distribution in the 
optical waveguide due to errors in the grating pitch of a chirped 
grating formed in the optical waveguide. 

As mentioned above, in accordance with the second embodiment of the 
present invention, since the variable dispersion compensation device 1 
is provided with a pulsed-current supply circuit 10 that generates and 
supplies a plurality of pulsed currents to a plurality of heaters 3-1 
to 3-n, respectively, so that they reach the plurality of heaters 3-1 
to 3-n at different times, respectively, the variable dispersion 
compensation device 1 can reduce the peak value of an electric current 
which flows from the pulsed-current supply circuit 10 to the plurality 
of heater 3-1 to 3-n compared with that of the above-mentioned first 
embodiment of the present invention. Therefore, the second embodiment 
offers an advantage of being able to reduce the load imposed on a 
direct-current power supply 11 which is an electrical power supply 
source of the plurality of heaters and to downsize an EMI elimination 
filter 12 which is used to eliminate switching noise included in the 
output of the direct-current power supply. 
Embodiment 3 . 

Fig. 9 is a block diagram showing the structure of a pulsed-current 
supply circuit 10 of a variable dispersion compensation device 
according to a third embodiment of the present invention. In the 
figure, the same reference numerals as shown in Fig. 3 denote the same 
components as those of the pulsed-current supply circuit according to 
the above-mentioned first embodiment of the present invention or like 
components, and therefore the explanation of those components will be 
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omitted hereafter. Furthermore, in Fig. 9, reference numeral 25 
denotes a first delay circuit for delaying a reference signal generated 
by a reference signal generator 23 by a predetermined time interval, 
and for outputting the delayed reference signal, and reference numeral 
26 denotes a second delay circuit for delaying the output of the first 
delay circuit 25 by a predetermined time interval, and for outputting 
the delayed output. 

In accordance with the third embodiment of the present invention, a 
plurality of heaters 3-1 to 3-n are divided into a plurality of groups 
(three groups in the example shown in Fig. 9) , and the pulsed-current 
supply circuit 10 generates and supplies a plurality of pulsed currents 
to the plurality of heaters 3-1 to 3-n, respectively, so that pulsed 
currents, which are included in different groups, respectively, reach 
corresponding heaters at different times, respectively. The variable 
dispersion compensation device according to the third embodiment of the 
present invention and an optical receiver provided with the variable 
dispersion compensation device have the same structures as those 
according to the above-mentioned first embodiment. 

As shown in Fig. 9, the reference signal generator 23 for 
generating a reference signal having a predetermined repetition rate is 
connected to a plurality of pulse generators 24-1, 24-4, 24-7, .... 
Therefore, these pulse generators generate control pulses in response 
to the rising edge of the reference signal applied thereto, 
respectively. Furthermore, the first delay circuit 25 for delaying the 
reference signal by a predetermined time interval is connected to a 
plurality of pulse generators 24-2, 24-5, 24-8, .... Therefore, these 
pulse generators generate control pulses in response to the rising edge 
of the output of the first delay circuit 25, respectively. In addition, 
the second delay circuit 26 for delaying the output of the first delay 
circuit 25 by a predetermined time interval is connected to a plurality 
of pulse generators 24-3, 24-6, 24-9, .... Therefore, these pulse 
generators generate control pulses in response to the rising edge of 
the output of the second delay circuit 2 6, respectively. 

Next, an operation will be described. 

Since the variable dispersion compensation device and the optical 
receiver according to the third embodiment of the present invention 
operate basically in the same way that those according to the above- 
mentioned first embodiment do, only a difference between the first and 
third embodiments will be explained hereafter. A case where the 
plurality of heaters 3-1 to 3-n are divided into three groups will be 
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illustrated hereafter. 

Each of the first and second delay circuits 25 and 26 delays an 
input signal applied thereto by a predetermined time interval equal to 
1/3 of the repetition period T of the reference signal output from the 
reference signal generator 23, and outputs the delayed input signal. 
Fig. 10 is a timing chart showing the waveforms of a plurality of 
pulsed currents generated by the pulsed-current supply circuit 10 in 
this case, and shows an example in the case where a correction 
coefficient C± set to each multiplier 22-i is 1. As shown in Fig. 10, 
the pulsed-current supply circuit 10 of the variable dispersion 
compensation device according to the third embodiment of the present 
invention divides a plurality of pulsed currents into three groups, and 
generates and supplies the plurality of pulsed currents to the 
plurality of heaters 3-1, 3-2, and 3-n, respectively, so that the 

plurality of groups reach corresponding heaters at different times, the 
plurality of pulsed currents having an identical repetition rate and 
different pulse widths, and the sequence of pulse widths increasing 
linearly in order that the plurality of heaters 3-1, 3-2, and 3-n 

respectively associated with the plurality of pulsed currents are 
arranged along the optical axis of an optical waveguide in which a 
chirped grating is formed. In this case, the rising edge of every 
control pulse to determine the pulse width of every pulsed current to 
be supplied to each of the heaters 3-1, 3-4, 3-7, ... is triggered by 
the rising edge of the reference signal generated by the reference 
signal generation unit 23, as previously mentioned. The rising edge of 
every control pulse to determine the pulse width of every pulsed 
current to be supplied to each of the heaters 3-2, 3-5, 3-8, ... is 
triggered by the rising edge of the output of the first delay circuit 
25 which is delayed against the reference signal by T/3, as previously 
mentioned. The rising edge of every control pulse to determine the 
pulse width of every pulsed current to be supplied to each of the 
heaters 3-3, 3-6, 3-9, ... is triggered by the rising edge of the 
output of the second delay circuit 26 which is delayed against the 
output of the first delay circuit 25 by T/3 (i.e., against the 
reference signal by 2T/3) , as previously mentioned. 

It is needless to say that in accordance with the third embodiment 
of the present invention the correction coefficient C± can be anything 
other than 1, for the purpose of correcting a deviation from a desired 
linear temperature distribution in the optical waveguide, producing a 
nonlinear temperature distribution in the optical waveguide, or 
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correcting a deviation from a desired temperature distribution in the 
optical waveguide due to errors in the grating pitch of a chirped 
grating formed in the optical waveguide. 

As mentioned above , in accordance with the third embodiment of the 
present invention, the variable dispersion compensation device 1 is 
provided with a pulsed-current supply circuit 10 that divides the 
plurality of pulsed currents into three groups, and supplies a 
plurality of pulsed currents to the plurality of heaters 3-1, 3-2, . .., 
and 3-n, respectively, so that the plurality of groups reach 
corresponding heaters at different times, the variable dispersion 
compensation device 1 can reduce the peak value of an electric current 
which flows from the pulsed-current supply circuit 10 to the plurality 
of heater 3-1 to 3-n compared with that of the above-mentioned first 
embodiment, like that of the above-mentioned second embodiment. 
Therefore, the third embodiment offers an advantage of being able to 
reduce the load imposed on a direct-current power supply 11 which is an 
electrical power supply source of the plurality of heaters and to 
downsize an EMI elimination filter 12 which is used to eliminate 
switching noise included in the output of the direct-current power 
supply. Though the larger the number of division of the plurality of 
pulsed currents into a plurality of groups, the more the peak value of 
the circuit current can be reduced, it is preferable that the number of 
division is small in consideration of controllability. Therefore, it 
is preferable that the number of division is reduced to a minimum one 
required to cause the peak value of the circuit current to has a 
desired value. 
Embodiment 4 . 

Fig. 11 is a block diagram schematically showing the structure of 
an optical fiber communication system according to a fourth embodiment 
of the present invention. In the figure , reference numeral 4 0 denotes 
an optical transmitter for multiplexing and transmitting a plurality of 
optical signals of different wavelengths, each of which carries 
information, reference numeral 50 denotes an optical fiber transmission 
line which is typically a single mode fiber via which optical signals 
are transmitted, reference numeral 60 denotes a static dispersion 
compensator (static dispersion compensation means) coupled to the 
optical fiber transmission line 50, for compensating for different, 
constant chromatic dispersion of each of the plurality of optical 
signals transmitted by way of the optical fiber transmission line 50, 
reference numeral 70 denotes an optical receiver for receiving a 
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plurality of multiplexed optical signals with chromatic dispersion, 
which has not been compensated for completely by the static dispersion 
compensator 60, and for demultiplexing the multiplexed optical signals 
into the plurality of optical signals so as to demodulate information 
which each of the plurality of optical signals carries, and reference 
numerals 71-1 to 71-m denotes a plurality of optical receiving units 
(optical receiving means) disposed in the optical receiver 70, 
respectively, each of the plurality of optical receiving units having 
the same structure as the optical receiver according to any one of the 
above-mentioned first through third embodiments, and having a variable 
dispersion compensation device 1 for dynamically compensating for 
chromatic dispersion including residual dispersion of a corresponding 
one of the plurality of optical signals demultiplexed, a dispersion 
detector 5, and an optical circulator 6. Well-known optical amplifiers 
and so on are not shown in Fig. 11. in accordance with the fourth 
embodiment, a variable dispersion compensation means is implemented by 
the plurality of optical receiving units 71-1 to 71-m. 

Typically, the optical fiber communication system according to the 
fourth embodiment of the present invention can be a WDM system of 
40Gbit/s or more which multiplexes several tens of optical signals of 
different wavelengths and transmits them. However, the optical fiber 
communication system of the present invention is not limited to such a 
WDM system. 

As previously mentioned, the optical fiber transmission line 50, 
which is a single mode fiber, can provide abnormal dispersion (negative 
group velocity dispersion) for an optical signal of a wavelength of 
1550 nm, the chromatic dispersion being typically equal to about 17 
ps/nm/km. In other words, spectral components of shorter wavelengths 
included in an optical signal propagate through the optical fiber 
transmission line 50 faster than other spectral components of longer 
wavelengths, and if the optical fiber transmission line 50 has a length 
of 100 km the accumulated chromatic dispersion can be about 1700 ps/nm. 
Therefore, for example, the pulse width of an optical signal having a 
spectral width of lnm will increase by about 1700 ps every time the 
optical signal propagates through a 100 km length of the optical fiber 
transmission line 50. 

The static dispersion compensator 60 is disposed to roughly 
compensate for the chromatic dispersion in the optical fiber 
transmission line 50, and typically includes one or more dispersion 
compensation fibers. A typical dispersion compensation fiber can 
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produce chromatic dispersion of about -100 ps/nm/km. For example, one 
dispersion compensation fiber for compensating for chromatic dispersion 
of about 1700 ps can be disposed for every 100 km length of the optical 
fiber transmission line 50. On the other hand, the chromatic 
dispersion of an optical fiber depends on the wavelengths of spectral 
components in light that propagates through the optical fiber as 
already described, and the wavelength dependency can be figured by a 
straight line having a certain slope. The slope for the optical fiber 
transmission line 50 is typically 0.06 ps/(nm2-km). The slope for 
dispersion compensation fibers is typically -0.2 ps/(nm2*km). 
Therefore, even if the static dispersion compensator 60 is configured 
so as to compensate for the chromatic dispersion of an optical signal 
having a certain band of wavelengths, it cannot similarly compensate 
for the chromatic dispersion of another optical signal having a 
different band of wavelengths. The static dispersion compensator 60 is 
thus configured so as to roughly compensate for the chromatic 
dispersion in the optical fiber transmission line 50 over all 
wavelengths used in the optical fiber communication system. The static 
dispersion compensator 60 is not limited to a set of one or more 
dispersion compensation fibers, and can be an optical waveguide, such 
as an optical fiber, in which a chirped grating is formed. 

The variable dispersion compensation device 1 included in each of 
the plurality of optical receiving units 71-1 to 71-m disposed in the 
optical receiver 70 is so constructed as to dynamically compensate for 
residual dispersion of an optical signal for a specific channel 
incident thereon and chromatic dispersion that occurs in the optical 
receiver 70. 

Next, an operation will be described. 

The optical transmitter 40 multiplexes a plurality of optical 
signals of different wavelengths each of which carries information and 
sends out them to the optical fiber transmission line 50. As 
previously mentioned, the optical fiber transmission line 50 can 
provide abnormal dispersion (negative group velocity dispersion) for an 
optical signal of a wavelength of 1550 nm, the chromatic dispersion 
being typically equal to about 17 ps/nm/km. Therefore, the accumulated 
chromatic dispersion in the optical fiber transmission line 50 can be 
about 17 00 ps/nm for every 100 km length of the optical fiber 
transmission line at the wavelength of 1550 nm. On the other hand, the 
static dispersion compensator 60 can consist of one or more dispersion 
compensation fibers each of which typically has chromatic dispersion of 
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about -100 ps/nm/km. Therefore, in order to compensate for the 
chromatic dispersion of about 1700 ps/nm at the wavelength of 1550 nm, 
a 17 km length of dispersion compensation fiber has to be provided for 
every 100 km length of the optical fiber transmission line. 

As previously mentioned, the static dispersion compensator 60 
roughly compensates for the chromatic dispersion in the optical fiber 
transmission line 50 over all wavelengths used in the optical fiber 
communication system. In other words, the static dispersion 
compensator 60 cannot completely compensate for the chromatic 
dispersion in the optical fiber transmission line 50. Therefore, each 
of the plurality of multiplexed optical signals which have passed 
through the static dispersion compensator 60 contains residual 
dispersion. Furthermore, the chromatic dispersion changes with a 
transition in the status of the optical fiber transmission line 50, and 
the static dispersion compensator 60 cannot compensate for such a 
change in the chromatic dispersion in the optical fiber transmission 
line 50. 

The plurality of multiplexed optical signals with chromatic 
dispersion, which is statically and roughly compensated for by the 
static dispersion compensator 60, are further transmitted to the 
optical receiver 70. The optical receiver 70 demultiplexes the 
received multiplexed optical signals so as to obtain the plurality of 
optical signals. In this case, each of the plurality of optical 
signals has chromatic dispersion due to nonlinear effects in the 
optical receiver 70 in addition to the residual dispersion. 

Each of the plurality of optical receiving units 71-1 to 71-m 
disposed in the optical receiver 70 dynamically compensates for the 
chromatic dispersion of a corresponding one of the plurality of optical 
signals obtained. As previously mentioned, each of the plurality of 
optical receiving units having the same structure as the optical 
receiver according to any one of the above-mentioned first through 
third embodiments of the present invention, and having a variable 
dispersion compensation device 1 for dynamically compensating for the 
chromatic dispersion of an input optical signal, a dispersion detector 
5, and an optical circulator 6. The variable dispersion compensation 
device 1 is designed to produce a predetermined amount of chromatic 
dispersion in an optical signal of a specific wavelength incident 
thereon, and the chromatic dispersion has a predetermined range 
corresponding to the range of the chromatic dispersion of an input 
optical signal which should be compensated for. The variable 
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dispersion compensation device 1 is so constructed that the chromatic 
dispersion provided for an optical signal incident thereon is adjusted, 
for example, in the case of an optical signal having a wavelength band 
of 1 nm or less at a wavelength of 1550 nm, the chromatic dispersion 
can be adjusted within a range of 0 to -100 ps/nm or less or a range of 
0 to 100 ps/nm or more. Whether the variable dispersion compensation 
device 1 is so constructed as to provide positive chromatic dispersion 
or negative chromatic dispersion depends on whether the optical signal 
to be compensated has negative chromatic dispersion or positive 
chromatic dispersion. 

Such dynamic chromatic dispersion compensation by the variable 
dispersion compensation device 1 is implemented by control of the pulse 
widths of a plurality of pulsed currents generated by a pulsed-current 
supply circuit 10 included in the variable dispersion compensation 
device 1 based on the amount of chromatic dispersion detected by the 
dispersion detector 5, as already described in the above-mentioned 
first embodiment of the present invention. 

As mentioned above, in accordance with the fourth embodiment of the 
present invention, the optical receiver 70 is provided with a plurality 
of optical receiving units 71-1 to 71-m, each of which has a dispersion 
detector 5 for detecting chromatic dispersion of an optical signal 
incident thereon, which can vary with time, and for generating a 
control signal having a value corresponding to the detected chromatic 
dispersion, a variable dispersion compensation device 1 including a 
pulsed-current supplying circuit 10 for producing a desired temperature 
distribution in an optical waveguide 2, in which a chirped grating is 
formed, by generating and supplying a plurality of pulsed currents to a 
plurality of heaters arranged along the optical axis of the optical 
waveguide 2, respectively, according to the control signal from the 
dispersion detector 5, so as to cause the optical waveguide 2 to 
dynamically compensate for the chromatic dispersion of the optical 
signal, and an optical circulator 6 for guiding the optical signal 
having the chromatic dispersion to be compensated for to the variable 
dispersion compensation device 1, and for guiding the optical signal 
dispersion-compensated by the variable dispersion compensation device 1 
to the dispersion detector 5. Accordingly, the optical fiber 
communication system can precisely and dynamically compensate for 
chromatic dispersion of each demultiplexed optical signal having a 
certain band of wavelengths. Therefore, the present embodiment offers 
an advantage of being able to efficiently, precisely, and dynamically 
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compensate for residual chromatic dispersion in the optical fiber 
communication system. 

Instead of the static dispersion compensator 60 which includes one 
or more dispersion compensation fibers or an optical waveguide, such as 
an optical fiber, in which a chirped grating is formed, a variable 
dispersion compensation module having the same structure as the optical 
receiver according to any one of the first through third embodiments of 
the present invention can be coupled to the optical fiber transmission 
line 50, even though redundancy exists in such a system. In this case, 
the variable dispersion compensation module coupled to the optical 
fiber transmission line 50 dynamically compensates for chromatic 
dispersion in the optical fiber transmission line 50 which varies with 
time. Furthermore, the plurality of optical receiving units 71-1 to 
71-m can be disposed outside the optical receiver 70. However, when 
these optical receiving units are coupled directly to the optical fiber 
transmission line 50, it is impossible to dynamically compensate for 
chromatic dispersion in the optical receiver 70. 

[Effects of the Invention] 

As mentioned above, according to the present invention, since the 
variable dispersion compensation device comprises a pulsed-current 
supplying means for producing a desired temperature distribution in the 
grating by producing and respectively supplying a plurality of pulsed 
currents to the plurality of heaters, the present invention offers an 
advantage of being able to perform dispersion compensation with 
efficiency. 

According to the present invention, since the pulsed-current 
supplying means respectively supplies the plurality of pulsed currents 
to the plurality of heaters at different times, the variable dispersion 
compensation device can reduce the peak value of an electric current 
that flows from the pulsed-current supplying unit to the plurality of 
heaters, and can reduce the load imposed on the DC power supply which 
is the source of the pulsed-current supplying unit as well as can 
downsize the EMI elimination filter which is used to eliminate 
switching noise. 

According to the present invention, since the optical receiver 
includes a variable dispersion compensation device having a pulsed- 
current supplying means for producing a desired temperature 
distribution in the grating by respectively supplying a plurality of 
pulsed currents to the plurality of heaters in accordance with the 
control signal from the dispersion detector, it can quickly change the 
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temperature distribution of the optical waveguide by changing the pulse 
widths of the plurality of pulsed currents supplied to the plurality of 
heaters, respectively, according to the chromatic dispersion detected 
by the dispersion detector, and therefore the optical receiver can 
achieve quick-response dynamic dispersion compensation. 

According to the present invention, since an optical fiber 
communication system including at least one variable dispersion 
compensation device including a pulsed-current supplying means for 
producing a desired temperature distribution in the grating by 
respectively supplying a plurality of pulsed currents to the plurality 
of heaters, the present invention offers an advantage of being able to 
efficiently, precisely, and dynamically compensate for residual 
chromatic dispersion in the optical fiber transmission line and 
chromatic dispersion in the optical receiver. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

Fig. 1 is a block diagram showing the structure of a variable 
dispersion compensation device according to a first embodiment of the 
present invention, and an optical receiver provided with the variable 
dispersion compensation device. 

Fig. 2 is a perspective view showing an optical waveguide and a 
plurality of heaters included in the variable dispersion compensation 
device according to the first embodiment shown in Fig. 1. 

Fig. 3 is a block diagram showing the structure of a pulsed-current 
supply circuit of the variable dispersion compensation device according 
to the first embodiment shown in Fig. 1. 

Fig. 4 is a timing chart showing the waveforms of a plurality of 
pulsed currents generated by the pulsed-current supply circuit when all 
of correction coefficients respectively set to a plurality of 
multipliers of the pulsed-current supply circuit shown in Fig. 3 are 1. 

Fig. 5 is a timing chart showing the waveforms of a plurality of 
pulsed currents generated by the pulsed-current supply circuit when a 
correction coefficient set to each of the plurality of multipliers of 
the pulsed-current supply circuit shown in Fig. 3 is anything other 
than 1 . 

Fig. 6 is a diagram showing an example of a change in a temperature 
distribution in an optical waveguide included in the variable 
dispersion compensation device according to the first embodiment of the 
present invention . 

Fig. 7 is a block diagram showing the structure of a pulsed-current 
supply circuit of a variable dispersion compensation device according 
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to a second embodiment of the present invention. 

Fig. 8 is a timing chart showing the waveforms of a plurality of 
pulsed currents generated by the pulsed-current supply circuit when all 
of correction coefficients respectively set to a plurality of 
multipliers of the pulsed-current supply circuit shown in Fig. 7 are 1. 

Fig. 9 is a block diagram showing the structure of a pulsed-current 
supply circuit of a variable dispersion compensation device according 
to a third embodiment of the present invention. 

Fig. 10 is a timing chart showing the waveforms of a plurality of 
pulsed currents generated by the pulsed-current supply circuit when all 
of correction coefficients respectively set to a plurality of 
multipliers of the pulsed-current supply circuit shown in Fig. 9 are 1. 

Fig. 11 is a block diagram schematically showing the structure of 
an optical fiber communication system according to a fourth embodiment 
of the present invention. 

Fig. 12 is a view showing the structure of a prior art variable 
dispersion compensation device. 

Fig. 13 is a view showing the structure of another prior art 
variable dispersion compensation device, and 

Fig. 14 is a diagram schematically showing the structure of an 
optical fiber communication system including the variable dispersion 
compensation device shown in Fig. 13. 

[Detailed Description of the Reference Numerals] 

1 ... variable dispersion compensation device; 2 ... optical waveguide; 
3-1 to 3-n ... heater; 4 ... common ground terminal; 5 ... dispersion 
detector; 6 ... optical circulator; 7 ... substrate; 8-1 to 8-n ... 
electrode; 10 ... pulsed-current supply circuit (pulsed-current supplying 
means) ; 11 ... direct-current power supply; 12 ... EMI elimination filter; 
13 ... pulsed current generation unit (switching means) ; 14-1 to 14-n ... 
switch; 15-1 to 15-n ... control terminal; 16 ... control pulse generation 
unit (pulse width control means) ; 17 ... initial value storage unit 
(pulse width determining means) ; 18 ... pulse width increment storage 
unit (pulse width determining means) ; 19 ... correction coefficient 
storage unit (pulse width determining means, compensating means); 20 ... 
control unit (pulse width determining means, compensating means) ; 21-2 
to 21-n ... adder (pulse width determining means) ; 22-1 to 22-n ... 
multiplier (pulse width determining means, compensating means) ; 23 ... 
reference signal generator; 24-1 to 24-n ... pulse generator; 25, 26 ... 
delay circuit; 40 ... optical transmitter; 50 ... optical fiber 
transmission line; 60 ... static dispersion compensator (static 



dispersion compensation means) ; 70 
... optical receiving units (optical 
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... optical receiver; and 71-1 to 71-m 
receiving means) 
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[NAME OF THE DOCUMENT] 
DRAWINGS 

[FIG. 1] 

incoming light 

outgoing light 

5 ... dispersion detector 

10 ... pulsed-current supply circuit 
[FIG. 3] 

16 ... control pulse generation unit 

17 ... initial value storage unit 

18 ... pulse width increment storage unit 
20 ... control unit 

19 ... correction coefficient storage unit 
23 ... reference signal generator 

24-1 ... pulse generator 
24-2 ... pulse generator 
24-3 ... pulse generator 
24-n ... pulse generator 

11 ... direct-current power supply 

12 ... EMI elimination filter 
[FIG. 4] 

reference signal 
heater 3-1 
heater 3-2 
heater 3-3 
heater 3-n 
[FIG. 5] 

reference signal 
heater 3-1 
heater 3-2 
heater 3-3 
heater 3-4 
heater 3-n 
[FIG. 6] 
temperature 

position along with optical waveguide 
midpoint 
[FIG. 7] 

16 ... control pulse generation unit 

17 ... initial value storage unit 
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18 ... pulse width increment storage unit 
20 ... control unit 

19 ... correction coefficient storage unit 
23 ... reference signal generator 

24-1 ... pulse generator 
24-2 ... pulse generator 
24-3 ... pulse generator 
24-n ... pulse generator 

11 ... direct-current power supply 

12 ... EMI elimination filter 
[FIG. 8] 

reference signal 
heater 3-1 
heater 3-2 
heater 3-3 
heater 3-(n-l) 
heater 3-n 
[FIG. 9] 

16 ... control pulse generation unit 

17 ... initial value storage unit 

18 ... pulse width increment storage unit 

20 ... control unit 

19 ... correction coefficient storage unit 
23 ... reference signal generator 

25 ... delay circuit 

26 ... delay circuit 
24-1 ... pulse generator 
24-2 ... pulse generator 
24-3 ... pulse generator 
24-n ... pulse generator 

11 ... direct-current power supply 

12 ... EMI elimination filter 
[FIG. 10] 

reference signal 

output from delay circuit 25 

output from delay circuit 26 

heater 3-1 

heater 3-2 

heater 3-3 

heater 3-4 



heater 3-5 
heater 3-6 
[FIG. 11] 

40 ... optical transmitter 

60 ... static dispersion compensat 

70 ... optical receiver 

5 ... dispersion detector 

71-1 ... optical receiving unit 

71-2 ... optical receiving unit 

71-3 ... optical receiving unit 

71-m ... optical receiving unit 

[FIG. 14] 

40 ... optical transmitter 
100 ... optical receiver 



